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(57) A curable composition which forms a cured 
product that exhibits a high fracture toughness value 
and a high bending strength equivalent to that of a nat- 
ural tooth, and is suited for use as a dental restorative. 
The dental restorative exhibits color little different from 
that of a natural tooth and can be used to substitute for 
the conventional metal restorative in the inlay restora- 
tion or crown restoration of portions that receive a high 
pressure of occlusion. The curable composition com- 
prises (i) a polymerizable monomer, (ii) irregular-shaped 
inorganic particles (A) having an average particle diam- 
eter of from 1 to 9 pm, and containing particles having 
particle diameters of not smaller than 10 in an 
amount of not larger than 3% by weight, such as silica- 
zirconia irregular-shaped particles, (iii) spherical inor- 
ganic particles (B) having an average particle diameter 
of from 0. 1 to 5 \im, such as spherical silica-zirconia par- 
ticles; (iv) inorganic fine particles (C) having an average 
particle diameter of from 0.01 to 0.1 urn, such as fine 
particles of at least one inorganic oxide selected from 
the group consisting of silica, alumina, silica-zirconia 
and silica-titania; and (v) a polymerization initiator; 
wherein the irregular-shaped inorganic particles (A), 
spherical inorganic particles (B) and inorganic fine par- 
ticles (C) are used in a total amount of from 300 to 1900 
parts by weight per 100 parts by weight of the polymer- 
izable monomer, and, when the total amount of the 
spherical inorganic particles (B) and the inorganic fine 
particles (C) is set to be 100% by weight, the spherical 
inorganic particles (B) are used at a ratio of from 50 to 



99% by weight and the inorganic fine particles (C) are 
used at a ratio of from 50 to 1% by weight, and wherein 
the weight ratio [(A)/{(B) + (C)}] of the irregular-shaped 
inorganic particles (A) to the total amount of the spher- 
ical inorganic particles (B) and the inorganic fine parti- 
cles (C) is from 0.3 to 3, and the polymerization initiator 
is used in an amount of from 0.01 to 5 parts by weight 
per 100 parts by weight of the polymerizable monomer. 
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Description 

BACKGROUN D nF THg INVENTION 
(Field of the Invention) 
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(Prior Art) 

,„ ««, yeans. . compo estotative « ^^^^7^^ a 

Mparts a color equivalent to that of natural loo* and ,t « * ^J^,™^. „ d „ cu,ad by sucb a polynv 
manner ma, a ca.it, in a tooth is directly MM ** Jto t *S accomplished by Hi. above-mentioned 

adhered to the cavity. „ lwmori7 i„ a the curable composition according to the above+nenticnec 

„jrr the sdses due to a stron9 pressure 0 

^der to solve this prcb.em. . has been reportec ^^Z^Z^^^ ^ 
composition containing a filler at an ^ reased dens ^^^ particles having 

a particular mixing ratio, or for blending a ^ me ^^Z7o^cp^ having particular particle diameters 
particular particle diameters and propert.es and ^^^^^ of obtaining a high mechanical 
w at particular ratios (Japanese Patent La.d^pen Nc^ UZM • -s J submicrons and in0 rganic fine particles 

strength by mixing spherical inorganic particles hav.n mjJ"J *™ dispersed mixture panicles as a filler 
having particle diameters of from 0.01 to 0. 1 um and ^^^XLsLei^ and technology, however, 
(Japanses Patent Laid-Open No. 12305/1996). ^^^^^ZcuLe compos.tion available that was 
have bending strengths which are smaller than 250 ^"'^J^ £, a possessed by the denfn of a tooth. 
35 capable of forming a cured product hav^g a bending tr ngm greater ta ^ ^ 0ental and 

Besides, according to a report by Fuj.sh.ma et a! Jhe -ournai of me Jap m erty felated 

Devices. Vol. 13, No. 4, pp. 375-360, 1994", ^ J^'J^^^w. 
to the breakage of the composite restorative « as low as 2.*- Mpam ati g 

40 SUMMARY OF T HF INVENTION 

restoratives produced according to the pnor art. in „ ontnrs have conducted a keen study, and have dis- 

,n order to reach the above-mentioned object, the ^^^^Z^ particles having particular 
covered thefactthatthe above object can be accomp^ 

particle diameters, spherical inorgan.c parties a poly merizable monomer is blended wrth 

Organic fine particles of from 0.01 to 0^ are rn xed ^"^^Lco^e* the present invention. 

particles having P^*^^^^^ diameter of from 0.1 to 5 um; 
(v) a polymerization initiator; 
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wherein the irregular-shaped inorganic particles (A), spherical inorganic particles (B) and inorganic fine particles (C) 
are used in a total amount of from 300 to 1 900 parts by weight per 100 parts by weight of the polymerizable monomer 
ana. when he total amount of the spherical inorganic particles (B) and the inorganic fine particles (C) is set to be 100% 
by weight the spherical inorganic particles (B) are used in an amount of from 50 to 99% by weight and the inorganic 
fine parades (C) are used in an amount of from 50 to 1% by weight, and wherein the weight ratio [(A)ff(B) + (C)H of 
^e irregular-shaped inorganic particles (A) to the total amount of the spherical inorganic particles (B) and the inorganic 
fine particles (C) is from 0.3 to 3. and the polymerization initiator is used in an amount of from 0.01 to 5 parts by weiqht 
per 100 parts by weight of the polymerizable monomer. S 



BRIEF DESCRIPTION OP THE DRAWING 



in „ « V ?' aSram Sh ° Wing the reSU ' tS °' lhe VOlume of pores and dis tribution of the porous diameters of an 
ulaZ Tn M Tn!i° n US6d EX3niPle 1 35 meaSUfed re ' ying Up ° n the ™™V intrusion Porosity method 
fromtn/Jr, h ' 2000 manufaCtUred by Carto Efba Co " b V ***** or decreasing the pressure in a range of 
from the atmosphenc pressure to 203 MPa (1990 Kgf/cm 2 ). 

DETAILED D ESCRIPTION OF THE INVENTION 

can b^uld ZrfT' Hmi,a ! i ? n 7 P0,ymerizable mono ™ used «" »» present invention, and any monomer 
^IZIVh l USBd f ° r dSntal appiications - A representative example that is generally favorably used is 

below m ° n0mer 9 a " aCry, ° yl 9r ° UP and/ ° r 3 methacr y |o y' 9roup. Concrete examples are as described 



a) Mcnofunctionai Vinyl Monomers. 

a rrv^ th f? lat ! S 3 ? methy ' methacr V late ' e,n y' methacrylate, isoprcpyl methacrylate. hydrcxyethyl meth- 
acrylate, e rahydrofurfuryl methacrylate and glycidyl methacrylate, as well as acrylates corresponding to these 
methacrylates: and acrylic acid, methacrylic acid, p-methacrylcyloxybenzoic acid. N-2-h y droxy-3-me.hacryloylcxy- 
propyl-N-phenylglycine, 4-methacryloyloxyethyltrimellitic acid and anhydride thereof. 6-methacryloyloxyhexame- 
thylenemalonic acid. 10-methacryloyloxydecamethylenemalonic acid. 2-methacryloyloxyethyldihydrcdiene phcs- 
phcnate |°" methaC ^ ICylo: ° ydecarreth y ,enedin y drod i ene Phosphate, and 2-hydroxyethylhydrodienephenyl phos- 

b) Bifunctional Vinyl Monomers. 

(I) Aromatic Compounds. 

2 2-Sis (methacryloyloxyphenyl) propane. 2,2-bis[4-(3-methacryloyloxy)-2-hydroxypropoxyphenyl] pro- 
pane (heremafter abbreviated as bis-GMA), 2.2-bis(4-methacryloyloxyphenyl) propane, 2.2-bis(4-methacry- 
loyloxypolyethoxyphenyl) propane (hereinafter abbreviated as D-26E), 2.2-bis(4-methacryloyloxydiethcxy- 
phenyl) propane, 2,2-bis(4-methacrylcylox y tetraethoxyphenyl) propane, 2.2-bis(4-methacryloyloxypentae- 
thoxyphenyl) propane, 2,2-bis(4-methacryloyloxydipropox yP henyl) propane, 2(4-methacryloyloxydiethoxy- 
phenyl)-2(4-methacryloyloxydiethoxyphenyl)p rop ane.2(4-methacryloyloxydiethox^ 

loxydrtnethcxyphenyl) propane, 2(4-methacryloyloxydiprcpoxyphenyl)-2-(4-methacryloyloxytriethoxyphenyl) 
propane, 2,2-b.s(4-methacryloyloxypropoxyphenyl) propane. 2.2-bis(4-methacryloyloxyisopropoxyphenyl) 
propane and acrylates corresponding to these methacrylates; and a diadduct obtained from the addition of a 
vinyl monomer having a -OH group such as a methacrylate such as 2-hydroxyethyl methacrylate, 2-hydroxy- 
propyl methacrylate. 3-chloro-2-hydroxypropyl methacrylate or an acrylate corresponding to these methacr- 
ylates. and a dnsocyanate compound having an aromatic group, such as diisccyanate methyl benzene or 4 4'- 
diphenylmethane diisccyanate. 

(II) Aliphatic Compounds. 

Ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, triethylene glycol dimethacrylate (here- 
inafter abbreviated as 3G), butylene glycol dimethacrylate. neopentyl glycol dimethacrylate. propylene glycol 
dimethacrylate. 1 ,3-butanediol dimethacrylate, 1 ,4-butanediol dimethacrylate. 1 ,6-hexanediol dimethacrylate 
and acrylates corresponding to these methacrylates; a diadduct obtained from the addition of a vinyl monomer 
w.T 9 n a m 9 ™ P SUch as a meth acylate such as 2-hydroxyethyl methacrylate. 2-hydroxypropyl methacr- 
ylate, 3-chloro-2-hydroxypropyl methacrylate or an acrylate corresponding to these methacrylates, and a di- 
isccyanate compound such as hexamethylene diisccyanate, trimethylhexamethylene diisocyanate diisccy- 
anate methyl cyclohexane, isophorone diisccyanate, or methylenebis (4-cyc!ohexyl isocyanate); and acrylic 
tawTYh ha T C anhydrid6, 1 ' 2 - bis ( 3 - me tt 1 acrylcyloxy-2-hydroxyprcpoxy) ethyl, and di(2-methacryloy- 
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c) Trifunctional Vinyl Monomers. ma ,v, ar rviata trimethylolethane trirnethacrylate, pentaerythritcl 

Methacrylates such as trimethylolpropane ^^^T^ls^ng to these methacryiates. 
trirnethacrylate, trimethylolmethane trtmethacrylate. and acrylates P 9 

d) Tetraf unctional Vinyl Monomers^ dimethacrylate and a diisocyanate compound such as pen- 

Oiadducts obtained from the addit.on of a & a ™*™ e ™W™ methyl benzene, diisocyanate methyl 
taerythnto.tetrame^^ 

^y^ 

T.ese po,ymer, Z ab,e monomers can be used in a sin g ,e kind but can be used in two or more Kinds being m,xed 

t09 r curable composition of the present invent!^ J ^^^SR 52 
(A) having an average particle diameter d from 1 to 9 2r ger than 3% by weight and, preferably, not 

having a particle diameter of not smaller than 10 £m« ""J™^ ca 9 n b9 used wit nout any limitation, prodded 
larger than 1 % by weight. Any known W^f^^^Sd. diameter of the irregular-shaped inorganic 
the above-mentioned requirements are f^^^^S'SEull to obtain a cured product having a h.gh 
particles (A) lies outside the range of from 1 to 9 pm. djameter of not smaller than 10 pm exceeds 

mechanical strength. When the amount of the f^^^ifLller than 10 pm become start points of 
3% by weight, furthermore, the particles havmg 

as silica-zirconia, silica-titania, silica-alumina and the : l.ke. fc partjcles (B) naving 

The curable composition of the present ^^^SwriS inorganic particles can be used without any 
an average particle diameter of from 0.1 to ^ wC the above-mentioned range. When the average 

particular limitation provided the ^erage part>c e d-ameter -^* e rate of inorganic filler ,n the 

particle diameter of the spherical inorganic part .cles (B 9 "J^J^ J Wnen tne avera ge particle d,ame*r 

product having a high mechanical strength. (n al _ tne powder is phcto- 

The spherical inorganic particles (B) need not ^JJ^^^ 9 ^„^.^^^^^* M f x 
graphed by using a scanning-type electron -croscope ^ e att of mmetrv being , 0 und by dividing 

when the average degree of symmetry . not »^ to '^^SSt er J a particle observed within a unit visual 
a oarticle diameter in a direction at right angles w.th a maximum d.amete 

field by a maximum diameter thereof. qenerally preferably used are inorganic oxides 

Concrete examples of the spherical inorganic particles artz , a , umin a and the like. It is 

such as amorphous silica, silica-zirconia. ^^^^^^ a small amount of an oxide of a 
also allowable to use a composite oxide ^^,^^,2^^ inorganic oxides in a dense form 
metal of the Group I of periodic table, ,n order ne present invention is to be used for dental 

through firing at a high temperature^ When ^^SS^ chiefly silica and zirconia, since ,t exh,b-ts 
applications, it is particularly desired to use a «^ "S«t having superior abrasion resistance 
• X-ray contrast property and makes .t poss » ^ a need not necessarily be those consist.ng of a 

Tne spherical inorganic particles (B) used in he resennn ven *J ^ sphefica . inorganic 

single group, provided the average particle f^T^^ tw0 or mere groups having dissimilar average 
particles (B) may be a mixture of start.ng , matenal ^^12?^ Publication No. 10603/1991 . In th.s case 
particle diameters as has been disclosed ,n. for exam * ■ Jj^™ mixed particles consisting of a plurality of 
3 the average particle diameter is an average volume part.de diameter 

9roups. tha nartirla d i ame ter distribution of the inorganic particles, the curable 

can Se empicyed p,=«ded it is capable ° '^ C ' ^TmaS d p-=d»c.ion rtyin, »pcn the hydrolysis =. a 

sjst: srs sirx -i.^rsp^a, ^ «* — ,« . ~- 
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to decrease the silanol groups on the surfaces. For this purpose, means is often preferably employed according to 
which the spherical inorganic panicles (B) are dried and are, then, fired at a temperature of 500 to 10C0°C. 

The present invention uses the inorganic fine particles (C) having an average particle diameter over a range of 
from 0.01 to 0.1 jim. Any known inorganic fine particles can be used without limitation provided the average particle 
diameter lies within the above-mentioned range. When the average particle diameter of the inorganic fine particles (C) 
lies outside the above-mentioned range, the filling rate of inorganic material in the curable composition decreases, and 
the effect of the invention is not exhibited to a sufficient degree. 

The inorganic fine particles (C) used in the present invention need not necessarily be those consisting of a single 
group, provided the average particle diameter lies within the above-mentioned range. The inorganic fine particles (C) 
may be a mixture of particles consisting of two or more dissimilar groups. In this case, the average particle diameter 
is an average volume particle diameter of a mixture consisting of a plurality of groups. The particles may be those 
having a spherical shape or may be irregular-shaped particles. However, use of the particles of a spherical shape is 
desired from the standpoint of increasing the bending strength and breaking toughness value. 

Concrete examples of the inorganic fine particles (C) that are generally preferably used include inorganic oxides 
such as ultrafine silica, ultrafine alumina, ultrafine zirconia, ultrafine titania, amorphous silica, silica-zirccnia, silica- 
trtania, silica-titania-barium oxide, quartz, alumina and the like. It is also allowable to use a composite oxide comprising 
an inorganic oxide containing a small amount of an oxide of a metal of the Group I of periodic table, in order to easily 
obtain the above-mentioned inorganic oxides in a dense form through firing at a high temperature. 

In the curable composition of the present invention, it is desired that the inorganic filler comprising the irregular- 
shaped inorganic particles (A), spherical inorganic particles (B) and inorganic fine particles (C), has hydrophobic sur- 
faces from the standpoint of improving dispersion in the polymerizable monomer. There is no particular limitation on 
the method of rendering the surfaces to be hydrophobic, and any widely known method can be used without limitation. 
Representative examples of the method of rendering the surfaces to be hydrophobic include a method which uses an 
organic silicon compound as a hydrophobic property-imparting agent, such as silane coupling agent, e.g., y-methacry- 
loyloxyalkyltrimethoxy silane or hexamethyldisilazane. a methcd which uses a titanate-type coupling agent, or a method 
which graft-polymerizes the polymerizable monomer on the surfaces of the particles. 

The greatest feature of the present invention resides in the use of the above-mentioned three inorganic fillers in 
combination, i.e., irregular-shaped inorganic particles (A), spherical inorganic particles (B) and inorganic fine particles 
(C). Examples have been known using the irregular-shaped inorganic particles (A) only, or using the spherical inorganic 
particles (B) and the inorganic fine oarticles (C) only in combination. In particular the example which exhibits a gccd 
bending strength by using the spherical inorganic particles (B) and the inorganic fine particles (C) only has been dis- 
closed in Japanese Patent Laid-Open No. 12205/1996. However, though a large bending strength is obtained, the 
fracture toughness value of the curable composition is net enough. This is attributed to that the breakage propagates. 
It is presumed that the addition of the irregular-shaped inorganic particles (A) suppresses the propagation of breakage, 
enabling the fracture toughness value to be enhanced unexpectedly. 

In the curable composition of the present invention, it is desired that the irregular-shaped inorganic particles (A), 
spherical inorganic particles (B) and inorganic fine particles (C) have : in their mixed state, not more than 0.1 cc/g of 
an integrated volume of micro pores due to strongly aggregated particles that have a micro porous diameter of not 
smaller than 0.08 ^m. 

The micro porous diameter and the micro pores due to strongly aggregated particles are measured by the mercury 
intrusion porosity method disclosed in Japanese Patent Laid-Cpen No. 1 2305/1 9S6. The micropores due to strongly 
aggregated particles do not exist inside the particles but exist among the particles. According to the mercury intrusion 
porosity method, in general, the distribution of micro pores is measured by elevating the pressure of mercury to be not 
lower than 100 MPa. The micro pores formed among the particles having a weak aggregating force collapse due to 
the intrusion of mercury of a high pressure, and no mercury is expelled out of the micro pores when the pressure is 
decreased. Therefore, it appears as if the micro pores have extinguished. In the distribution of micro pores obtained 
under the pressurized condition, micro pores that extinguish when the pressure is being reduced are referred to as 
micro pores due to weakly aggregated particles. The pores existing in the particles and the micro pores formed among 
the strongly aggregated particles are not collapsed by the intrusion of mercury of an elevated pressure, and do not 
extinguish expelling mercury out of the micro pores when the pressure is being reduced. In the distribution of micro 
pores obtained under the pressurized condition, therefore, the pores that do not extinguish when the pressure is being 
reduced are called micro pores due to strongly aggregated particles. When pores exist in the primary particles, however, 
it is difficult to distinguish the strongly aggregated pores from the pores in the primary particles, and the effect of the 
invention is exhibited difficultly. According to the present invention, therefore, it is desired that no pore exists in the 
primary particles. Here, the fact that no pore exists in the primary particles is discriminated from that the surface area 
of the sample is in agreement with the surface area calculated from the particle diameters found from the SEM obser- 
vation. In this case, the surface area is measured relying upon the BET methcd described later. 

In the present invention, the volume of the strongly aggregated pores of the mixture of the irregular-shaped inor- 
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fine oartic.es (C), is measured as described below 
^ pahfclas W spheral morulas ,B) in0 ' 9an,C ' 

particles but there party exist strongly aggregate « p smai)er ^ ^ vo)ume „ TJ« 

almost disappear when they are in the reg.cn v. aaareqa ted pores to 

, le within the above-mentioned range. Ge ^f'' y ^ togetner t0 « sufficient degree. Concret riy ***^ Q * A 
desired volume of strongly aggregated pores ^ 

polymerization initiator can dbub po i y merizable monomer. The poiyme peroxide with a 

depending upon the means , lo ng t f Ml „ ^ one based upon *• » P tne 

utilizing light energy such ^ u ^et ay polyme rization means will " «£™ ^ e P rizaticn) , the po- 

o promoting agent, or the one ^sed upon the ' inafter re ferred to as P^^S"^ J or thiox- 

35 Examples of the thioxanthone include th,oxantho . ^ ^ 

rothioxanthone. component of the photo-polymerization inma i jne; alde . 

« pounds sucb as ^'^"t^erizion a generally employed paiox.de or an azo «mpo 

In the case ol ma thermal l»'V™'™ 0 "' 9 polymerization inrtralors soon ae organ*: p 

tnepolymerizationinitiatorisusedataratiooftro ^ 

monomer r „ rtf the oresent invention, the amount of the inorganic nne 3QQ tQ 

In the curable composition of the p » . amc fine partic les (C) mus , 

shaped inorganic particles (A) ^^o^t^ weight per 100 parts by ^[^Zo^c 
so 1 900 parts by weight and, preferably fro* 50 P spherical inorganic part cles(B) fc 

monomer. Furthermore, the irregular- sh ap ed inwga P ^ ^ ^ amount of tn e sphe 

fine particles (C) are blended at raUos as d so < * d ^ particles 

SSSSSSssasssssje— 
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particles (B) and inorganic fine particles (C) is smaller than the above-mentioned range with resoect to 100 oarts h„ 

weight of the polymerizable monomer, the filling rate is not sufficient and ,t is difficulno obtein a cured product 

a h.gh mechanical strength. When the amount is greater than the ^rm^ml^S^^ 

of toTIZl, T 9 SP enCa ' ' n0rgan,C Partides (B) and the inor 9anic fine particles (C) when the amount 

exceeds 50 „ by weight, and the curable compcs.tion loses the mechanical strength after it is polymerized and cured 
Even when the amount of the spherical inorganic particle (B) exceeds 99% by weight JcJZ^S^t 
the mechanical strength after it is polymerized and cured. composit.on loses 

When the above-mentioned weight ratio [(A)/{(B) + (C)}] of the irregular-shaped inorganic partic'es (A) to the mm 
amount of the spherica. inorganic particles (B) and inorganic fine particles (C) is sma e ' tha 3 ^££ZT* 

JETISS^r a cured product havins a hi9h mechanical s,ren9,h despite the " oSa ' ~« 

» whic^^ th6 | PreS6nt L nV r ti0n Ca ° bS b ' ended With Wide 'y known additives a in 

the kind^fthP o T h0d °,' CUnn9 CUrab ' e com P° sition of tne P««« invention may be selected depending upon 
he k ,nd of the polymerization initiator. When, for example, a polymerization initiator for photcpolymerizaticn is used 

» t0 T'T ,i9h, f ° r n ° l ' eSS th3n 10 SeC ° nds ^ for 30 seconds o onT o r and 

60 to W 20o"c and T a ? at f init ! a -n h6at P ° lymeriza,ion is ' Jsed furthermore, it is desired to effect the heating at 
fh this case ins desSlL \° ™ CU * '° * *° h ° UrS and ' p3rticu,arl * fo ' 15 minutes <° on. hour. 

- or ^Z VZ^aZ^ ' ymen2at,0n ' S CCndUCtSd ^ " atm ° SPhere SUCH 35 " ' nert 933 SUCh 33 

irre a lT^ n ni° Pr6Sent ^T^' 1 " deSired that 3 C ' Jr3ble com P^™ comprises a polymerizabie monomer 
2tf Ped '" 0r9an ' C Part ' CleS (A) C ° mp0Sed Chiefly of sili =a-zirconia and having an average particle diameter of 
"an ° bv7e,oh n ST? PartiCl6S ^ ^ <* n0t Sm3llef than ' 0 -- in an ~ of o" a e 

» 2r of S fl 1 1 , ,n °H r9aniC partiC ' eS (B) C0mP ° S8d ChiSfly °' silica -*rconia and having an average particle 
from the « n ™ ■ r ^ ' n ° r9aniC ^ PartiC ' 6S (C) CCmp0Sed of at least cne ir 4anic oxide selected 
oTom 0 0? c i 9 h I 3 ' a ' Umina ' Si,ica ' zirconia a " d silica-titania and having an average particle diameter 
gi c fin^oanides^; T"T TT'^ ^ SpheriCal inor 9 a ™ ^ (B) and incr- 

Sm!^^ ( 5 S6d ' n 3 t0ta ' am ° mt ° f fram 500 t0 1200 P arts °y weight per 100 parts by weight of the 

* S SZ i a 00, W h " ^ am0Um ° f ^ SpheriCa ' in ° r9aniC Partic ' es < B > and theinorgamc fin 
St an fi, 1° f % by Wei9ht ' the am ° Unt ° f the 3pherical inor 9 anic P arti <=<ss (8) is from 60 to 90% by 
Tf the r^l m I" 10 ' 93 "'" 6 PartideS (C) iS frCm 40 10 10% by wei 9 ht ' the wei Sht ratio [( A y«B) + (C)}] 
illVn T, ?1 SPhenCa ' in ° rganiC Partides (B) and tne inor 9anic fine particles (C) to the ir egu ar-shaped 
dIZtJ P TT ( ? ,S ' r0m 0 67 10 1 - Sl and thS int89rated volume of tne st ^9'y aggregated pores hav ng pore 

ioLL t '"IT'' Part ' CleS (B) 3nd in ° rganiC fine Particles are bei "9 m «' d together. The above cu^e 

bTd 3 ™ 

•ou S ^^^it^? a fS2Tif f P T m 'r"" 00 mak6S " PCSSible t0 ° btain 3 Cured P rcduct havin 9 a hi 9h future 
« esSve luch « f 9 T 9 S,ren9,h eqU ' Valent t0 1,131 0f 3 natural tcotn - ln the denta l applications, a metal 
TSZTJI^ "it e h °H a Cr ° Wn r6St0ratiVe h3S 50 ,3f b6en USed 31 P° rtions wh «' e a hl '9h pressure 

o Z rne^l ,Z T^' made P ° SSible t0 USe the curab,e "mportion of the present invention in place 

lrlov« fh k ' VeS t0 rSSt0re the t0 ° th maintaini "9 color which is little different from that of a natural tooth 

V^u^y limZ°n Siti0n " ** ^ ^ « * - h th3 3ppli — ^ ^ *° ^ * 

w 

[EXAMPLES] 

is in ™!imt n d V ! n nt r T! ^ C ° nCrete,y d6SCribed by W3y ° f £x3m P ,es 10 which onl V. however, the invention 
measured the ^ n T, 9 EX3mP ' eS 3Pd Ccm Pa^ive Examples, properties of the inorganic particles were 

Droduc t w a ? CUr l b,e C ° mpOSition was P re P ared and cured, and the mechanical strength of the cured 

product was measured, in accordance with the methods described below. 



ss 



(1 ) Particle diameter and coefficient of variation in the particle diameter. 

\ 
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The powder was ^ using, e ^^^^ 
wrthin a unit visual field of the photograph were founo. and to be an average particle diameter. 

par.ic.es was found in accordance wfh the W^™J2JS n E. case of a mixture consisting of two or 
A coefficient of variation in the partcle ^^^^^ ™ um e particle diameter was calculated 

Ave. 

particle diameter 




(average volume 
diameter) 



n-1 



Coefficient of variation = — 



(Number average diameter) 

y = i.i 
n 



X(Xi - 

■n-1 = ViS 

V n-1 



where, 

n: number of particles observed 

Xj. particle diameter of the i-th particle 

particles was calculated in accordance wrth the following formula. 



Average degree of symmetry = 



I Bi/Li 

i-l 

n 
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(3) Distribution of particle sizes 

(5) Specific surface area h 

is ^Ze^Z^^ "- 230 ° * Metrics Co. The princip.e of measurement 

(6) aToTo^ 3 -T ° f 3 CUrab ' e COmposi,i0 ' 1 « "-hod of curing 

Pnotopolymerization initiator was added at a DredetarminJ 

a matrix monomer. Next, the inorganic filler td the ^ * ^ po, y merizab,e ™"°rner to prepare 

were sufficiently kneaded in a dark place tc p^e a^IZ a ' ntr ° dUC8d int ° 3n a 9 ate ™«*r, and 

The curable composition paste was in^d,!^ , h ° m ° 9eneous curab le composition paste, 
irradiation with light to a ^'^^^J^ ^ ™ a — ts, and was cured upon 
polymerized at 100'C for 20 minutes. Thereafte he cE 2 nl^ ° Ut h0m m0ldS ' and were ^ *r 
tor 24 hours and were used as test pieces P * W8fe ' mmersed in water maintained at 37»C 

(7) Fracture toughness value 

ahout^w^ 

■ notch formed on one side thereof. The Vest ^Zt£ZZ? T 3 bendif1S t6St piece havin 9 

Shimazu Seisakusho Co.), a three-point benZatTL T * tm < Aut0 9'apb ™° manufactured by 

the fulcrums and at a crosshead speed d o2 maintainin 9 a distance of 16 mm between 

breaking strength. P M ° mm/m ' a " order to a breaking toughness value from Te 

(8) Bending strength. 

A square pole-like test piece measurino 5»?,oc: m „ 

tured by Shimazu Seisakusho Co.), and a three Jofnt bendT °" * ^ (Au, ° 9r3ph 50000 man ^c- 
0-5 mm/min. ° 3 tf1ree point bend,n 9 s <rength was measured at a crosshead speed of 



(Preparation Examples 1 to 3) 

Preparation of irregular-shaped inorganic particles (A). 

s,cat o e us -r teno r° n r ned by disso,vin9 1600 9 * 3 

effect partial hydrolysis, foilowed by the addrticn o 670 a oft J, h temper3tUre ' and was ^ 3 hours to 
st.rred for one hour, 0.3 liters of water was added II^IhT^ 3nd 77 3 of sodium After 

a gel. The ge, was taken out. dried by S^i^I^ 8 1 ° Urthar the h W 'hereby to obtain 
was coarsely pu.verized by a ball mill into a s'ize 0 not lar ZTZTaoT^T" * ^ 3 dry gel ' The *V 
pu venzed using a jet mill (Model FS-4, produced by SeSS r ? *"1 *T ftUa PU ' VeriZed product was fu ""er 
kg/cm*. The pulverized product was fired at 94?C for on J ho T ° 0 ""^ C ° nditi0n of a nozz,e P ress <"e of 6 
and fluorescent X-ray analysis, the ^ V^ZZlaZl^ ' ^ Ff ° m »» Action 
z.rconium, silicon and sodium partly containing crystels o th ? 1 ' n ° r9aniC P3rtiC,eS ° f 3 composite oxide of 

Three kinds of irregular-shaped inorganic part cTes Vi aTIV T °' 2irC ° nia 
upon thehydraulicelutriation.Theobtained particles w l^^f' ♦" 1?"* ° bt3,ned from me white P owd er relying 
trime.hoxysi.ane. In the measurement of ZuTSeter ^J**^ ^^ethacryloyloxyproV 

t'on of pores, neither the pores in the pa^JET^VT^!^ in ° r93n, ' C P3fticleS and the distribu - 
average particle diameters of the In^^^^^J^^^ were Table 1 shows the 

d.ameters of not smaller than 10 pm P S3n ' C P3rt ' C,es and the content * of particles having particle 
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Table 1 



amounts of particles having particle diameters of not smaller 



than 10 pm (% by wt.) 



A-1 


A-2 


A-3 


A-4 


3.4 


3.0 


0.3 


2.9 


1.0 


4.5 


0.0 


0.6 
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(Preparation Example 4) 

Preparation of irregular-shaped inorganic particles (A). 

lrr9 g U .a,s h ape di norganic pa^ 
(A-4) of the type of SiO^ZrO^O was the stirring for 4 hours after the Add,t,on o 
using a tetraisopropyl silicate instead of the tetraethyl »J«eana a whjte gr was CQmpnsed 0 

TdifutesulfurLcid. From the X-ray 
irregular-shaped inorganic particles of a compos,te 

smaller than 10 ym. 
(Preparation Example 5) 

S0 Grams of a tetraethyl si.icate (product name. Ethyl 5 g dUj 
isobutyl alcohol (produced by Tonen and was hydrolyzed. To this solufon £ then 

dilute sulfuric acid. The mixture was st.rred at 40 C for a ° out °" e , zjrconate (produced by N.ppon Soda Co 

added with stirring, a solution obtained by d.ssolv.ng 35 g of a 2Q0 of an isobuty , alcohol, 
Sf and g of a sodium methylate methane, solut.o n ^^^^ nIxI 4 9 of the tetraethyl silicate 
t order to repare a mixture solution of ^traethy ^^*^ vebeen intro duced tOOO g of 
was added, with stirring, to an ammomacai alconol solution inra ^ was stirred for 30 

S£ g of 25 % ammonia water in a 3-Jter g, «■ c ^p^^^-^fl silicate and the t*^^ 
minutes, and to which was dropwsely added a m.xtur .sow : on vesse| was main ta.ned at 40 C 

ever a period of about 6 hours. During the react .oath e tempera ure o ^ ^ ^ Qn prod < 

After the reaction, the solvent was distilled off from *o , ^.™ les , QA Th e si.ica-zirconia particles possessed 
was dried and fired at 950'C for one hour to obta,n 

TaJ rage particie diameter of 0.52 .m, an average degree o the average partic.e diameter was ,n 

particle dimeter of 0,3. The ^e^^ upon the BET method, and no pore was receded 

good agreement with the spec.fic surface area i of i 4 m /g 
I the particles. Table 2 shows the physcal propert.es. 
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Average particle diameter (jim) 



Average degree of symmetry 
Coefficient of variation 
Calculated surface area (m 2 /g) 
Specific surface area (m 2 /g) 



0.52 



0.62 



0.97 



0.05 



4.4 



4.5 



0.98 



0.03 



0.95 



0.07 



1.4 0.12 



1.1 



0.10 



.(Preparation Examples 6 to 3) 
« Synthesis of spherical silica particles (B). 

^KwrniroatCo Ltd.) was added, with 
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ammonia water in a 3 Wtor nia 
(Preparation Example 9) 

was dmn J , "f 9 ' ass cont ainer equioped with a stirrer tk CdUCed 1000 9 of methanol and 250 g of 2«' a 
° b ' a " S,1k:a - !i,ania P"*" (C-1) S sfa S 6 reaC "° n P " M ' Jct " as and flrod a, 



4<? 



45 



Inorganic fine particles (C) 


Table 3 






Main component 


silica-titania 


C-2 
silica-zirconia 


C-3 | 
silica 


Average particle diameter^) 


0.077 


0.055 


0.01 


Theoretical surface area ( m 2/g) 


33.9 


43.1 


200 


Specific surface area (rrfi/g) 


32.5 


47.4 


200 



so 



S5 



Synthesis of spherical silica-zirconia parties rr\ k 

part-cles (C, hav,ng an average particle diameter of 0.06 urn 
A tetraethyl silicate was added 't 

ass ^^S~=^Hf 
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are as described below. 

C-3: Fine powdety silica {Reoiosil QS102. specific surface area 200 tn^g. produced by Tokuyama Co.). 

(Preparation Example 11) 30 
70 Grams cf*e spherical 

of me spherical si.ica-titania particles P-1)h«ng« Ipersing machine of the type of giv-ng 
g0 f pure water solvent and were dispe^ 

a shock under super high pressure of 60 MPa The » PJJJW" of articles . 

foxypropyl trimethoxysilane. Then, the solvent was (Ar1 , having an average particle d,am- 
The above mbcture of particles and the ^■^.'^S , 0% by weight were introduced ,nto 

inorganic filler (M-1) and the volume of the strongly aggregated pores. 
(Preparation Examples 1 2 to 20) 

shown in Table 4. 
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In Table 4. the blending amounts 1, 2 and 3 are as described below. 
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of the spherical inorganic particles (B) and the inorganic fine parfcles (C) . 

(Example 1) 

SpheHcalsl,^^ 

particles (C-1 ) having an average P^^^^^^Ltuii of particles and irregular-shaped inorganic 
fortheir surfaces to obtain a mixture of ^cfes^e thus particles of not smaller than 10 urn in an 

particles (A-1) having an average particle d «^^^ "J^S (M -1). 10 Grams of the inorganic filler 
amount of 1 .0% by weight, were mixed together to prepare an inor^c fUler (M > ^ (wejght ratio of 

(M-1 ) was introduced into a mortar, and to which was gradually addeda maWx mo ^ ^ & 

60/40) in which have been dissolved a ^^^^ pasteJk. consistency was exhibited, 
zation initiator and as a reducing agent ,n «^ * °£ * parts by weight of the matrix monomer. The 

matrix monomer and the mechanical properties. 
(Examples 2 to 4) 



30 
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blended as shown in Table 5. The curable comp«.u«« 3 s ~ Table 5 shows the blending ratios 
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Table 5 




Example No. 


Kind of inorganic filler 


Blending ratio 
inorganic filler (pts.by 
wt.) 


Fracture toughness 
value (Mpa-m 1/2 ) 


Bending strength 
(Mpa) 

~~ 274 


1 


~~~ M-1 


*" 640 


~* " 31 




2 


M-2 


625 


3.1 


275 


3 


M-3 


576 


2.3 


251 


4 


M-4 


619 


3.0 


265 


5 


M-1 


669 


3.2 


278 



SO 
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(Example 5) 

matrix monomer and mechanical properties. 
(Comparative Example 1) 

matrix monomer and mechanical properties. 
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Example No. 


■ mi tvj ui ii i^j yai nu> iiiltsi 


Blending ratio 
inorganic filler (pts.by 
wt.) 


Fracture toughness 
value (Mpa-m 1/2 ) 


Bending strength 
(Mpa) 


1 


M-5 


567 


2.3 


225 


2 


M-6 


426 


1.7 


195 


3 


M-7 


6S1 


23 


227 


4 


M-8 


462 


20 


210 


5 


M-9 


449 


2.0 


215 


6 


M-10 


609 


2.3 


220 



(Comparative Examples 2 to 6) 

i 

filler 



hllnd^ r POSi,i ° nS We L 8 ° btained thS S3me manner 33 in Comparative Example 1 but changing the Inorganic 



Claims 

1. A curable composition comprising: 
(i) a polymerizable monomer; 



£ TlTn^T in °/ 9aniC , PartideS (A) haVinQ aVera 9 e P artide diame,er ° f *»n 1 -9pm and containing 
3 * by weight or less of particles of diameter of 1 0pm or more- ""ui.ning 

(,,.) spheroidal, preferably spherical inorganic particles (B) having an average particles diameter of 



from 



(iv) inorganic particles (c) having an average particle diameter of from 0.01-0 w and 

(v) a polymerization initiator; H 



wherein: 



monomer ° f W ' (B) (C) * frCm 3 °°- 1900% based on wei 9* of the polymerizable 

Sfh! r'^ 0 ' l^ 1 , 88 (B) iS fr ° m 5 °-" % based on the total weight of particles (B) and (CV 
C) the we.ght of part.cles (A)is from 30-300% based on the total we^ht of particles (B) and VcV and 
(d) the we,ght of polymerization initiator is from 0.01-5% based on the weigh' of the polZr^e Loner. 

* iSZSt cl T 1 ;T er t partic,es (A) have an avera s e «*™«* « «™ i .**«. a nd 

contain 1 „ by weight or less of particles of diameter of 10pm or more. 

3. A composition according to claim 1 or 2. wherein particles (B) have an average degree of symmetry of 0.5 or more. 

4. A composition according to claim 1 , 2 or 3, wherein particles (c) are spheroidal, preferably spherical. 

5. A composition according to any preceding claim, wherein: 

monomeT We '' 9ht °' PartiC ' eS ^ (B) ^ (C) " 5 °°- 1200% based on the ^ °< «- Polymerizable 
(b) the weight of particles (B) is from 60-90% based on the total weight of particles (B) and (C); and 
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• , m jn 930% based on ttw total weight ot partides (8) and (C). 

methacrylate monomer having acryioyi or 

(ii) the polymenzable monomer ana mo H 

* .i-imc 1-0 as a dental restorative. 
«. The use o« a composition according to any of c. ai ms 1 9 as a 



25 



30 



35 



40 



45 



50 



55 



EP0 839 511 A2 
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